Introduction
Synthetic fibres have acquired an important part of the current textile industry. A great disadvantage of some of the synthetic fibres is their low surface energy. This causes poor wettability and dyeability. Surface modification techniques are mainly carried out to remove loosely bound materials, foreign particles/impurities and to improve hydrophilic nature and thereby improving dyeability. Manipulation of surface characteristics of textile materials is of fundamental importance in the production of advanced functional textiles. Textile fibres can be classified in two main groups: Natural and Synthetic. Natural fibres are of animal origin or plant origin such as silk, wool, hair, jute, cotton, cellulose etc. whereas there are a number of manmade/synthetic fibres such as viscose, polyester, polypropylene, nylon, PLA fibres, polyamide and acrylic fibres. Natural fibres are limited and are not sufficient and not always suitable for many applications. Hence synthetic fibres have acquired greater importance in the present era. Synthetic fibres form an important part of the textile industry, with the production of polyester alone surpassing that of cotton. Improving the surface properties suitably is a very important aspect of the textile processing. Low surface energy of the synthetic fibres affects the processing of the fibres, especially during wet treatments. The surfaces are not easily wetted, thus impeding the application of finishing compound and colouring agents. In addition, a hydrophobic polymer hinders water from penetrating into the pores of the fabric. For a number of applications it is necessary to modify surface properties of textiles from hydrophobic to hydrophilic and vice versa. Plasma processing has a potential to render and change such surface properties. Recent advances in textile chemistry have resulted in imparting various functional properties such as decreased skin irritations, enhancing antimicrobial activity and fragrance to the textile material. The surface composition and structure of a textile material plays an important role in the textile's performance in specific applications. E.g. The surface of apparel / textile garment that is in contact with human skin could be modified to absorb the body moisture while the outside surface could be modified to repel water. Several studies showed that properties of polymeric substrates could be altered through surface modification ; Deshmukh and Shetty, 2007; Jahagirdar and Tiwari, 2004; Navaneetha P., et al., 2009; Yen et al., 2006) .
In the history of dyeing, right from early days, when natural dyes derived from extracts of trees, leaves, roots and flowers were used till the modern concept with the use of several synthetic dyes, it can be seen that each one has its own peculiarities. An efficient dyeing process needs good adhesion and penetration of dye molecule into the fibre structure. Thus the structure of the fibre -both Physical and Chemical -becomes important. If not found to be suitable, these need to be modified. Various pretreatments such as chemical, enzymes, plasma, irradiation have been tried. Textile technology deals with several processes such as desizing, scouring, bleaching, calendaring, singeing, dyeing, printing etc. During each of these stages the structure, properties and behavior of fibres undergo many changes. The assembly of the fibres and fabrics as well as bulk of each fibre undergoes transformations. Of these changes, the surface modifications of the fibres is of profound importance as it improves properties such as softness, adhesion, wettability, dyeability, printability etc. Apart from clothing, textiles find use in a variety of applications such as furnishing, carpets, medical, automobile, geo-textile etc. Each of these can benefit from specially designed characteristics which are governed by surface properties. Wettability, adhesion, friction, biocompatibility, absorption, all begin at surface and thus surface composition is more important than bulk. The properties depend on surface chemical and physical structures which vary according to types of fibres, polymers and the assemblies. The surfaces offer a platform for functional modifications to meet specific needs. The surface modification can be achieved by various techniques such as traditional wet solution treatment, physical treatment, biological approach etc. New technologies using high energy beam process, vapour deposition, nano-particles etc. can have potential for modification of surfaces. Textile industry is one of the most pollutant industries because of the various processes involved such as singeing, desizing, scouring, bleaching, mercerization, dyeing etc. These processes pollute the environment and water resources. Economical and ecological pressure on textile industry requires the development of economic and environment friendly "green" processes. So one has to select a proper pretreatment for the modification of surfaces amongst the available processes.
Surface modification techniques
Wettability and adhesion of polymers / films can be controlled by using surface modification techniques such as exposure to plasma, flame, chemicals, enzymes etc. Wettability can also be regulated by changing chemical composition of the surface. In addition surface roughness can be an important factor for enhancing the adhesion and wettability. Wettability is governed by molecular interaction of the outermost surface layer of a few angstrom units. Therefore the forces dictating the wetting behavior of organic substances do not originate from the organic molecule as a whole, but rather from the outermost surface group. Further interfacial energy minimization needs molecules to arrange themselves in such a way that only the low energy portions come in contact with surrounding phase. As a result wettability depends on the chemical nature of energetically favoured functional groups and the extent to which these are exposed. Several surface modification techniques have been developed to improve wetting, adhesion, dyeing, feel and other properties of textile surfaces by introducing a variety of reactive functional groups. Few important techniques are described below.
Mechanical abrasion
It also leads to non uniform and non repeatable surface modification. We do not have good control over the process as in wet processing. This in turn hampers mechanical properties of the materials under process.
Flame treatment
The reactive oxygen is generated by burning an oxygen rich gas mixture. It incorporates hydroxyl, aldehyde and carboxylic acid functional groups onto the surface and is utilized to enhance surface properties for better printability, adhesion and wettability. Flame treatment is non-specific surface funcationalization technique that bombards the polymer surface with ionized air generating large amounts of surface oxidation products. One drawback of flame treatment is that it can reduce the optical transparency of polymers. It depends upon flame temperature, contact time and composition that must be accurately controlled to maintain uniform and reproducible treatment and to avoid burning.
Enzymatic surface modification
Enzymatic surface modification of textile material involves processing of fibres to modify physical and chemical surface properties or introduction of functional groups on the surface.
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Research on the enzymatic surface modification of textiles contributes to environment friendly processes through the sustainable development of novel processes for textile. While much research focuses on chemical modification or structuring of the surfaces, the introduction of functionalities using enzymes is relatively unexplored scientific area. The advantage of enzyme technology over the other technologies is their high specificity towards a certain reaction and / or substrate. Review articles (Araujo et al., 2008; Cavaco and Gubtz, 2003; Lenting, 2004) describe importance and potential of enzyme technology in textiles. Enzyme technology has already been proven to be very profitable in industrial pretreatment processes of natural fibres predominantly. Taking into account the current international state of art, bio processes are getting more and more important. Over the past two decades, much research has been carried out on reactions catalyzed by enzymes that are relevant for the textile industry such as desizing of cotton, depilling of cotton, enzymatic ageing of denim fabric, enzymatic scouring of grey cotton fabric, shrink-resistant treatment of wool and enzymatic degumming of silk (Nierstrasz, 2009) . These studies clearly indicate that the surface modification of textiles with enzymatic treatment has the potential to replace conventional wet treatment. Conventional wet processes requires long residence time, high concentrations of harsh chemicals, large amount of water and are generally carried out at high temperatures leading to high energy consumption.
Sonication
Ultrasonic waves are acoustic waves with frequencies between 20 KHz to 20 MHz. When ultrasonic waves are communicated through media, several effects occur such as mechanical, thermotic and cavitation. These effects are recognized as beneficial to physical and chemical processes (Liu et al., 2007) . It has been known that ultrasonic waves in liquids are used to clean surfaces. They produce bubbles in liquids and when the bubbles burst substantial amounts of energy is released. When compared with hand washing, ultrasonic agitation has many advantages. It has negligible effects on the strength and colour of fabrics and causes less fibre migration (Hurren et al., 2008) . Vankar and Shankar have carried out dyeing in Ultrasonic bath of cotton fabric pretreated with enzymes (Vankar and Shankar, 2007) . Their results show better and faster dye uptake after enzyme pretreatment on cotton fabric and results of dyeing are better than those obtained using metal mordanted fabric. They also observed considerable improvement in wash fastness and light fastness. The improved properties were observed without using metal mordants thereby proving ultrasound to be an effective tool in textile dyeing for cleaner production.
Surface modification using nano-particles
Nanotechnology has touched every nook and corner of the life and textiles cannot remain aloof. Nanotechnology deals with materials having at least one dimension less than 100 nm. It includes nano-particles, nanorod, nanowires, thin films and bulk materials made of nanoscale structures (Cao G, 2004) . Application of nanotechnology on textile materials could lead to the addition of several functional properties. Deposition of silver nano-particles can be used to create shiny metallic yellow to dark pink colour while simultaneously imparting antibacterial properties to the fabric. Gold nano-particles allow the use of molecular ligands so that the presence of biological compound surroundings is rapidly detected. Metal oxide nano-particles such as TiO 2 , Al 2 O 3 , MgO and ZnO possess photo-catalytic and antibacterial activity and UV absorption properties. More often these nano-particles can be impregnated onto textile materials without significantly affecting their texture or comfort. It is reported that the padding of colloidal silver solution onto textile fabric made from cotton, polyester, cotton/polyester and cotton/spandex blended fabrics shows efficient antibacterial activity with good laundering stability (Lee and Yeo, 2003; Lee and Jeong, 2005) . Silver nanoparticles coated fabric exhibited better antibacterial properties and protection against UV radiation owing to nano-silver absorption in the near UV region (Vigneshwaran et al., 2007) . Super hydrophobic (water repellent), dirt repellent nano-structured surfaces of textiles having self cleaning property have attracted attention of scientists. It is also called the lotus e f f e c t . B o z z i e t a l . h a v e r e p o r t e d o n R F plasma, MW plasma, and UV irradiation as pretreatments for synthetic textile surfaces, allowing the loading of TiO 2 by wet chemical techniques, in the form of transparent coatings. These materials show a significant photocatalytic activity (Bozzi et al., 2005) . Various functional properties such as comfort and easy care can be imparted with the advent of nano-technology, which otherwise were difficult. Though many people are working in this area of nanofinishing of textiles, their commercial exploitation has only just begun.
Radiation induced surface grafting
It is relatively a new technique that offers a variety of ways to alter the surface morphology and chemical composition of textile substrates and, thus imparts new or improved functional properties. The surface grafting can be achieved by a) light (generally UV light) induced grafting, b) plasma induced grafting and c) irradiation (γ-rays, electron beam) induced grafting. These three methods share the same objectives i.e. creating free radicals onto the polymeric substrates and then these radical sites are used as initiators for copolymerization reactions with vinyl monomers present in the grafting solution. Various parameters such as concentration of the monomer, time of treatment, radiation dose, type and concentration of catalyst used, if any, could greatly affect the grafting efficiency and need to be optimized. Radiation induced grafting involves the use of high energy radiation to create free radicals onto the textile substrates. It can be carried out in two ways: in-situ grafting and post exposure grafting. Compared with chemical grafting, radiation-induced grafting has many advantages such as no chemical initiators are used and grafting yield can be controlled by controlling dose and the time of irradiation. Shao et al. used an electron beam to induce grafting of 2-hydroxyethyl methacrylate (HEMA) on silk fabric (Shao et al., 2001) . They showed that the degree of grafting was related to the irradiation dose. Uyama et al. have given excellent review on the subject (Uyama et al., 1998) . Plasma induced grafting is another important techniques and the details of it are described in a book (Yasuda, 1984) . Plasma-induced grafting has emerged as an alternative and attractive method for surface modification of textiles. Under this technique, first radicals are created by exposing fabric in the gaseous plasma such as O 2 , N 2 , NH 3 , Ar, air etc. and then fabric is immerged in the monomer bath followed by washing. Similarly in situ polymerization is also carried out, in which fabric is treated with gaseous plasma followed by plasma polymerization of monomer vapour onto the fabric surface in the plasma reactor. Bhat and Benjamin have successfully grafted acrylamide onto cotton and polyester fabrics using RF plasma (Bhat and Benjamin, 1999) . They have observed that the crease recovery angle increases and tensile strength decreases slightly. Abidi and Hequet have studied graft copolymerization of vinyl laurate monomer on gaseous microwave plasma processed cotton fabrics (Abidi and Hequet, 2004, 2005) . The grafted cotton fabric showed excellent water repellency properties. Repeated home laundering of the treated cotton fabrics revealed no significant effect on the water contact angle or on the quantity of grafted vinyl laurate monomer as determined by universal attenuated total reflectance Fourier transform IR, demonstrating the good durability of the treatment that was applied. Graft copolymerization of various monomers onto variety of fibres was carried out by means of RF plasma (Zubaidi and Hirotzu, 1996) . The monomers used were HEMA, Acrylamide (AAm), N-isopropyl AAm, acrylic acid, 2-methoxyethyl acrylate and 2-hydroxyethyl methacrylate. The textile fibres used were cotton, cellulose acetate, rayon and cupraammonium cellulose. Authors have reported that HEMA monomer was graft polymerized more readily than other monomers investigated and cotton fabrics were shown to be more reactive than other fabrics. Oktem et al. have incorporated acrylic acid onto the surface of polyester fabric to impart soil resistance and improve dyeability using two approaches (Oktem et al., 1999) . In the first approach, in-situ polymerization of acrylic acid monomer was achieved in a glow discharge reactor. In the second approach, the fabric was first treated in Ar plasma, followed by immersion in an aqueous bath containing different amounts of acrylic monomers. The advantage of plasma treatment over the wet chemistry technique is that the effects of plasma do not penetrate more than few 100 Å from the surface and hence bulk properties of the substrate remains unaltered. Light induced grafting basically uses, UV light energy for creation of free radicals onto the textile surfaces. UV radiation induced surface grafting of textiles is another technique that has attracted attention because of its simplicity. Radicals thus generated onto the surface are used to initiate copolymerization reactions with various monomers. UV radiations are not as penetrating as high-energy gamma (γ) radiations, free radicals thus produced mainly close to the surface rather than uniformly distributed throughout the fibres (Reinhardt and Harris, 1980) . Radiation induced grafting using high energy sources such as UV radiation or electron beams has been explored as an alternative to chemical grafting. However, if the conditions are not controlled, radiation grafting may result in deterioration of physical properties of the substrate and may lead to photo-degradation of the substrate (Abidi, 2009 ). Shulka and Athalye have successfully grafted HEMA onto the Polypropylene staple fabrics using UV radiation (Shukla and Athalye, 1994) . The choice of grafting with HEMA was based on its hydrophilic properties. They used three different photo-initiators. They observed that the moisture regain of the PP fabric was increased and build-up of static electricity was diminished. The parameters affecting the efficiency of grafting, such as time and temperature of the reaction as well as concentrations of the initiators, were optimized in this study to maximize the amount of grafted monomer on the PP fabric surface. UV induced grafting of water soluble monomers onto the surface of polyester fabrics was performed by Uchida et al. to permanently change the surface properties from hydrophobic to hydrophilic (Uchida et al., 1991) . UV grafting technique was also used to impart water repellency. Ferrero et al. have reported the use of silicone containing monomer with different formulations on cotton fabrics in order to impart water repellency (Ferrero et al., 2008) .
Plasma processing
The above mentioned methods particularly chemical wet processing have disadvantages that they require the disposal of polluted water and the treatments are non uniform. Plasma treatment of textiles is attractive in that it is clean, dry technology and much less energy is consumed than equivalent conventional treatments. Gas plasma treatments are highly surface specific; they do not affect the bulk properties of the textile fibres. Plasma processing is environmentally friendly, since no wet chemistry is involved. It does not produce any waste/ load on the environment. Therefore, low temperature plasma treatments are set to revolutionize textile processing technology. Although gaseous plasmas have been known for several decades, it is only recently, after the introduction of equipments on an industrial scale, the commercial interests have began. Nowadays, textile fabrics of breadth >1 m can be successfully treated on a commercial scale with low pressure plasma, in a roll to roll manner. The technology is widely perceived as being confined to batch processing. The book edited by Shishoo highlights the huge potential of plasma treatment for textile processing (Shishoo, 2007) . An overview of the literature on potential uses of non-thermal plasmas for the modification of textile products and benefit from the plasma treatment is given by Morent et al. (Morent et al., 2008) . Plasma treatments of textiles alter surface morphology and chemical composition without affecting their bulk properties. The depth of surface modification is of the order of few hundred angstroms. Plasma treatment can alter hydrophobic surface to hydrophilic and vice-versa, depending upon the type of gas / monomer used for the generation of plasma. Thus plasma treatment can lead to improved wettability or water repellency, depending on whether greater chemical affinity or inertness has been conferred / transformed on the textile surfaces. Similarly, other properties that can be improved are bio-compatibility, adhesion, resistance to wear and tear, rate and depth of dyeing, cleaning of fibre surfaces, and desizing. Low temperature glow discharge consists of high energetic electrons, positive and negative ions, free radicals, excited atoms and molecules, neutrals and UV radiation. The mixture of species composing plasma is therefore highly complex and in general all these species can interact with textile surfaces during the plasma treatment. There are basically two kinds of plasmas that can be produced in laboratory, hot plasma and cold plasma. Hot plasmas are thermally in equilibrium and the temperature is of the order of 1000 K. Therefore, hot plasmas are not suitable for polymers and textiles treatments. Whereas, the electrons in the cold plasma acquire energies in the range of 0.1 to 10 eV, much higher than the energies of ions and molecules, so equilibrium between all the species is far from equilibrium. Cold plasma temperature is around room temperature or slightly above, so it can be successfully applied for the surface modification of textiles. Plasma can be generated by applying electric fields of low frequency (50 KHz. to 500 KHz.), radiofrequency (13.56 MHz.) or microwave (915 MHz. or 2450 MHz.). The extent and nature of the modification of a textile surface by plasma treatments is governed by / depends upon several parameters such as, working pressure, power, distance between two electrodes, time of treatment, type of gas / monomer, the type of textile, used etc. In spite of the complexity of all these factors, several effects can be broadly identified. One is cleaning or etching of substrate surface. This process involves removal of tiny amount of contaminant, process aids, adsorbed species etc. So cleaning of surfaces is regarded as first step of plasma processing. After this step actual deposition / etching of the material starts. It is associated with the changes in surface properties and wetting behavior. In general, polymers containing oxygen groups are more sensitive to etching than polyolefins. Under the same conditions of plasma treatment, polyester fibres are more prone to etching than nylon 6 fibres, which in turn are more prone than polypropylene (Radu et al., 2000) . An enormous variety of plasma treatments are now available, and so the changes that can be brought to textile surface characteristics are numerous. Plasma treatments are therefore, capable of giving rise to innovative type of textile and moreover on a commercial scale.
Atmospheric pressure plasmas
There are three types of atmospheric pressure plasmas: a) Corona Discharge, b) Dielectric Barrier Discharge (DBD), and c) Atmospheric pressure glow discharge (APGD). a. Corona Discharge: It is the oldest type of plasma treatment employed for modification of polymeric surfaces. It consists of two parallel electrodes, one of which is cylindrical in shape while other one is knife shaped. A very high voltage 10 to 15 kV is applied between the two electrodes separated by ~1 mm distance. Corona discharges are weak and too inhomogeneous for plasma treatments for textiles. The density of the plasma falls dramatically with the distance from the point of generation, a factor that accounts for smaller gap between the two electrodes. Thicker fabric therefore cannot be treated by corona discharge. b. Dielectric Barrier Discharge (DBD): It consists of two parallel plate electrodes separated by narrow gap and around 20kV potential difference applied between them. In order to prevent arcs and short circuit between the electrodes, one or both the electrode plates are covered with suitable dielectric material such as ceramic or glass. Therefore it is called as dielectric barrier discharge. The DBD is powered by AC with a frequency of 1-20KHz. DBD is homogeneous as compared with corona discharge. Olievera et al. have shown the effectiveness of Dielectric Barrier Discharge for the surface modification of Polyamide (PA) fibres (Olievera et al., 2010) . PA fibres contain amines and carboxylic acid terminal groups, therefore, both anionic and cationic dyes can be used for dyeing. However, dyeing conditions needs to be controlled properly for better and uniform dyeing. The physical and the chemical changes imparted by DBD plasmas on the PA fabric show excellent dyeing properties. The process of surface modification using DBD plasma can also be used to improve hydrophilic properties of naturally coloured cotton fabric. Atmospheric plasma treatments could influence not only the chemical properties but also the physical properties of naturally colored cotton fibers (Demir et al., 2011) . The degree of modification of plasma treatments are influenced significantly by the duration, power, and plasma type. In general, the argon-plasma treatment showed more effective results than the air-plasma treatment. c. Atmospheric Pressure Glow Discharge (APGD): APGD is generated at much lower voltages and at high frequencies (MHz, RF) as compared with DBD. RF source is connected between two parallel plate electrodes, which are separated from each other by just few millimeters. Therefore, APGD is relatively uniform and stable as compared with DBD. APGD has many advantages over DBD. It does not require electrode(s) to be covered / coated with dielectric layer. However, the discharge is generated in helium (other gases are used with helium), which on commercial scale becomes expensive, unless helium is substantially recovered. The atmospheric-pressure He and He + O 2 plasma treated nylon 6 films showed increased surface roughnesses, increased surface oxygen contents, and hydrophilic polar groups; this led to lower water contact angles and improved bonding strength (Gao et al., 2011) . They have further observed that, when the amount of oxygen increased from 1 to 2% in the plasma-gas mixture, all of these favorable effects were further enhanced.
Low temperature plasma processing
The relative advantages of low pressure and atmospheric pressure plasma treatments on textile substrates are still the subject of considerable debate. Both the treatments have their merits and demerits therefore, final selection of the process will be decided by the requirement of the process speed and the extent of modification. Low pressure equipments are equipped with vacuum pumping system, which consumes more electricity/energy than atmospheric pressure equipment but low pressure equipments require less power to generate and sustain plasma as compared to atmospheric pressure equipment. On the other hand, low pressure equipment requires much smaller quantities of gases / monomer(s), a particularly important consideration where expensive gases / monomers are used. The modifications achieved by low pressure plasma are more uniform than atmospheric plasma. One has a better control over the surface modifications achieved by low temperature plasma. Atmospheric pressure equipment can be utilized as part of an overall continuous process (which industry prefers), whereas low pressure equipment is restricted to batch-to-batch processing. Gawish et al. have studied the effect of low temperature plasma for improving wool fabric properties (Gawish et al., 2011) . They have used plasma treatment to modify the surface properties of wool fabrics by partial removal of the scales and the lipid layer. They have discussed dyeing behavior of untreated and pretreated wool fabrics. Three dyes were used, namely acid dye, 1:2 metal complex dye and reactive dye. Different exposure times (1-5 min) of oxygenated plasma treatment were effected to improve the hydrophilicity, wettabillity, dyeability and the washing and light fastness properties of the dyed wool fabrics (which were increased by increasing the plasma exposure time). Wool has some technical problems that affect the quality and performance of the finished fabric such as felting, shrinkage, handle, luster, pilling and dyeability. These problems are mainly due to scales on the fibres and lipid layer. They act as barriers for diffusion processes, which adversely affects sorption behavior of fibres. Oxygenated plasma treatment of wool fabrics results in removal of the lipid layer and scales from the fibres leading to the improved wetting, dyeing and shrink resistance (Hartwig Höcker, 2002; Hesse 1995; Meade et al., 2008; Rakoweski, 1997) . The effect of plasma of non-polymerizable gases on wool fabric is discussed quantitatively (Kan et al., 1999) . Three different nonpolymerizing gases-oxygen, nitrogen, and a 25% hydrogen/75% nitrogen gas mixture, were used to study the influence of the nature of each gas on the properties of wool substrates. The properties which include fiber-to-fiber friction, feltability, fabric shrinkage, surface structure, dyeability, alkali solubility, and surface chemical composition depend on the nature of the plasma gas used. Shahidi et al. have studied the effect of low temperature on dyeing properties of PP fibres (Shahidi et al., 2007) . PP fibres were subjected to O 2 and N 2 plasma. It was found that after the plasma treatment, PP fabrics achieve necessary hydrophilicity because of incorporation of polar functional groups such as hydroxyl, carbonyl, ester and carboxyl. Similarly, improvement of dye adsorption on polyester fibres by low temperature plasma pre-treatment is demonstrated (Lehockey and Mracek, 2006) . Low temperature plasma of two gases mixture particularly ammonia and acetylene was used by Hossain et al. to modify polyester fabric (Hossain et al., 2009) . They have observed some deposition which contains amine groups as evident from XPS studies. The plasma treatment significantly improved the dyeability and colorfastness properties of dyed polyester fabric with an acid dyestuff. The acid dye molecules were found to diffuse into the amine-functionalized nano-porous film and formed ionic bonds with amine end groups. The dye uptake was strongly correlated with the plasma process time, that is, with the deposited film thickness, and this indicated that only the plasma coating on the polyester fibers was dyed, not the fibers themselves. The K/S values could be controlled by the adjustment of the film thickness during plasma polymerization. Because K/S values are enhanced with the number of incorporated accessible amine groups, the surface hydrophilicity does not strongly influence the dyeability. It is obvious that the entire dyeing process is independent of the substrate material because merely the functional film is dyed. Hence, the same dyeing principle can also be applied to all hydrophobic synthetic textiles. Low temperature DC glow discharge plasma was used to modify / improve hydrophilicity of grey cotton fabric (Navneetha and Selvaraj, 2008). The fabrics were treated for different exposure times, discharge potentials and pressure levels. Effect of plasma treatment on the wettability of the fabric was studied by measuring contact angle. The changes in surface energy were estimated using contact angle measurements. Dyeability of the fabrics was determined by computer colour matching procedure. It was observed that DC glow discharge plasma is useful technique for the improvement in wettability and hence Dyeability. It is observed that the improvement in wettability / hydrophilicity achieved by gaseous plasma treatment changes with time. This phenomenon is commonly called ageing, which takes place possibly due to surface contamination, orientation of polar groups, blooming of additives, or adsorption of ubiquitous contaminants. In many applications a hydrophobic polymer is converted into a hydrophilic one by suitable treatment and when a sample is stored in air, a driving force exists to restore the original structure or at least lower the surface energy (SE) of treated surface. As a result the high energy polar groups can be lost. It is shown that the hydrophobic recovery depends on the polymer and on treatment (Morra et al., 1989) . This ageing itself can be considered as one of the steps of the treatment in the sense that influences the outcome as determined by the properties imparted to the polymer surface. Our previous studies shows that though there is a decrease in surface energy (SE) because of ageing, it is clear that the SE value of aged samples is still sufficiently high in comparison with the untreated one. Hence such polymer films can be suitable for further applications (Deshmukh and Shetty, 2007; Bhat et al., 2003) . In order to avoid the effect of ageing, it is necessary to use freshly prepared (gaseous plasma processed) polymer / textiles for the best results of dyeing. However, plasma polymerized and plasma surface grafted polymers do not show much decrease in surface energy and the modifications thus achieved are comparatively permanent. Plasma polymerization and plasma grafting is already covered in 2.7 of this article. Efforts have been made to control / manipulate the chemistry of plasma polymerized films by varying plasma process parameters such as monomer flow rate, distance between two electrodes, working pressure and plasma power. However the success in controlling film chemistry is limited. Timmons and Griggs have showed that by using RF pulsed plasma polymerization technique, a wide range of plasma film chemistry can be achieved in comparison with conventional continuous wave (CW) RF plasma (Timmons and Griggs, 2004) . Recently, such pulsed plasma polymerization technique was successfully used to control film chemistry and found useful in bio-logical applications (Bhattacharyya et al., 2010 , Xu et al, 2011 . So far this technique has not been used for the modification of textile surfaces. There is tremendous scope in this area.
Experimental
A tubular type of plasma reactor was used in the present experiment and is shown in the Fig.1 given below. It consists of a glass tube having diameter 8 cm. and length 30 cm. The length and the breadth of the electrode was 25 cm and 3 cm respectively. The sample was kept at the centre of the reactor on a glass stand as shown in Fig 1. The reactor has an inlet for monomer and / or gas. A Pirani gauge was fitted to the reactor to monitor pressure in the reactor. The aluminum electrodes were kept outside the glass tube and were connected to RF (13.56 MHz.) power supply capable of delivering 100W power. The system was evacuated to 0.05 mtorr with rotary pump before inserting the gas / monomer vapours. The system was purged three times with the relevant gas / monomer vapours and the desired working pressure 0.2 mtorr was obtained with the help of fine control needle valve. The sample was mounted on a glass sample holder inside the chamber as shown in Figure 1 above. The gases and the monomer used were of AR grade. Dyeing Procedure: Acid Dye (Blue coloured) supplied by Clarient India Ltd was used. 1% shade was prepared and its pH. was adjusted to 4.8 by adding formic acid. The liquor to fabric ratio was maintained at 50:1. The temperature of the dyeing bath was adjusted to 85 0 C. The nylon fabric (untreated and plasma processed) were immersed in dye-bath for 15 min. Then the fabric was washed in the soda soap solution with 5gpl soap and 2 gpl soda for 30 min. followed by distilled cold water wash (three times) and then the samples were dried in air. Such samples were used for colour measurement. Colour measurements were performed on Spectra-flash SF 3000 (Datacolour International). Dye Exhaustion was measured using UV visible spectrometer. The amount of dye absorbed by the sample was determined by measuring the optical densities of the initial solution and also the exhausted one by using an ultraviolet/visible (UV/Vis) spectrophotometer. The percentage dye absorption was calculated as, www.intechopen.com Where, O.D. is the optical density at the maximum absorption wavelength. Nylon fabric was treated in O 2 and N 2 plasma for different durations of time. Similarly plasma polymerization of acrylic acid was carried out onto the nylon fabric for different durations of time. These samples were tested for their hydrophilicity, FTIR, dyeabilty and surface morphology. In order to study the characteristics of plasma polymerized acrylic acid film, KBr disc was kept in the plasma chamber while carrying out deposition onto the fabrics. Such deposited film was used for FTIR study. The wettability of the untreated fabric was measured by contact angle measurement with respect to water and for treated samples; the time required for water drop to disappear was measured and recorded as wetting time.
Average of 5 readings is reported here. The shorter is the average wetting time, better is the fabric wettability. The surface energy of untreated sample was calculated from the contact angle data using the equation given by Deshmukh and Shetty (Deshmukh and Shetty, 2008) . Surface morphology was studied using SEM.
Results and discussions

Morphological studies
Nylon fabric was treated with nitrogen and oxygen plasma. It can be seen from Figure 2 that the surface morphology changed after the plasma treatment. The untreated nylon fibres are smooth as shown in Fig. 2 (a) and (b). The etching, roughening effect of oxygen plasma on the surface (Fig. e and f) is more as compared with the nitrogen plasma as shown in Fig. 2 (c) and (d). It is probably due to oxygen is more reactive than nitrogen. The treated surfaces look damaged or abraded. This is due to the removal of some material by etching. Similar abraded surface topography for plasma processed wool and cotton fibers, respectively, was observed by Karahan and Ozdogan ; O z d o g a n e t a l . , 2 0 0 9 ) . I n t h e c a s e o f w o o l f i b e r s t h i s h e l p e d t o i m p a r t a n t i -f e l t i n g properties to the fabrics due to loss of the scales. Significant fiber surface roughness was also observed by McCord et al. for nylon and polypropylene fibers with He and He+O 2 atmospheric plasmas (McCord et al.,2002 ) . It may be of interest to try to understand the morphology and mechanism of the etching process. It has been confirmed through various studies that only the amorphous portion gets degraded and etched away in the initial stage (Bhat and Deshmukh, 2002; Thomas et al., 1998; Yoon et al.,1996) . The plasma process is such that the electrons and ions attack the amorphous portion, as it is loosely bound. On the other hand, the crystalline regions are more compact and hard as compared to amorphous regions and therefore the amorphous region gets removed easily in the plasma etching. As a result, the percentage crystallinity increases to some extent. This has been concluded by previous studies using X-ray diffraction (XRD) and Fourier transform infrared (FTIR) for silk (Bhat and Nadiger, 1978) . Navaneetha and Selvaraj have also observed that the effect of plasma on the amorphous zone is more predominant than the crystalline zone of the cotton fabrics (Navaneetha and Selvaraj, 2008.) . Similarly when nylon fabric was subjected to the plasma polymerization of acrylic acid (PPAA), we observed deposition as shown in Fig. 2 (g ) and (h). This deposition leads to decreased capillaries present in the texture. The choice of acrylic acid monomer was based on its hydrophilic properties. 
FTIR study
Polar functional groups are incorporated onto the polymer film during the plasma treatment. These polar groups are readily detected by ESCA (XPS), but are often missed by ATR-FTIR spectroscopy (Wu S, 1982) . XPS is the best technique to study such modified surfaces. Several studies showed that air, N 2 , O 2 , NH 3 , etc. plasma incorporates hydrophilic functional groups onto the polymer surfaces thereby increasing wettability and surface energy Navaneetha et al., 2010; P´ıchal and Klenko, 2009) . It has been reported that the treatment carried out in inert gases like Ar introduces oxygen moieties onto the polymer surface because of post plasma exposure of samples to atmosphere (Deshmukh and Bhat, 2003(b) ; Gupta et al., 2000) . Therefore, IR spectra of N 2 and O 2 plasma treated nylon samples is not given here. The IR spectra of plasma polymerized acrylic acid (PPAA) is given in Fig. 3 The FTIR spectrum of a PPAA film prepared using the technique of plasma polymerization was very similar to the spectrum of Poly (acrylic acid) prepared by conventional polymerization techniques and it shows all the characteristic bands. In particular, the FTIR spectrum shows that the film contains a high density of C(O)OH groups. The absorption peaks assignment is given in table below (Alaa et al., 2011; Cho et al., 1990; Chilcoti and Ratner, 1993; Eun-Young Choi and Seung-Hyeon Moon, 2007; Jafari et al., 2006; Mirzadeh et al., 2002 2800 to 3800 a broad OH stretching absorption band due to monomeric and dimeric C(O)OH Table 1 . IR peak assignment of PPAA It has been observed that our result of plasma polymerization of acrylic acid is in relevance with the literature. PPAA incorporates considerable amount of polar functional groups such as hydroxyl, carbonyl, carboxylic acid, etc. The peak intensity increases with the deposition time.
Wettability study
The contact angle of untreated nylon fabric was observed to be 83 0 (±2). Its surface energy comes to be 33.6 mJ/m 2 . Fig. 4 shows the photograph of water droplet taken on untreated and 4 minute oxygen plasma treated nylon fabric. However, we could not measure contact angle for any plasma processed samples. It shows that the surface energy of all the samples increases rapidly after the plasma processing. Therefore we have measured wetting time of the samples as given in Table 2 . Wetting time of untreated and plasma processed nylon samples.
It may be noted from Table 2 that the wetting time of the untreated nylon fabrics was 112 seconds, which dramatically decreases after N 2 , O 2 and acrylic acid plasma treatment. The decrease is more significant in case of O 2 plasma treated samples as etching action and oxidation reaction is predominant. On the other hand, the decrease in the wetting time of PPAA treated sample is rather slow. It may be also be noted from the SEM micrographs that the formation of etch-pits and voids is very predominant for O 2 plasma treated nylon fabrics, whereas PPAA treated samples reveal coating on the surface due to formation of PPAA. Due to such thin film formation on the surface the water drop may not easily reach the fabric and as a result the capillary action is reduced.
Dyeing studies
Plasma processed samples were dyed using acid dye-blue. The dye absorption was determined spectroscopically by measuring the absorption band maximum of the dye-bath solution before starting and after exhaustion. In addition, the amount of dye uptake was also determined from the color matching instrument. The color values are expressed in terms of K/S as the ratio of reflectivity to absorptivity. For each kind of plasma processing, the dye uptake of plasma-treated sample was compared with the untreated sample of the same variety. The increase in the dyeing in the initial stage could be due to the fact that gaseous plasma etches out the surface of the nylon fibers, creating a rougher surface with irregularities as discussed earlier. The effective surface area increases after the plasma treatment. Thus the interaction and diffusion of the dye molecules is facilitated. The etching of the surface has been confirmed by other researchers Ozdogan et al., 2009 ). The chemical changes in the nylon fiber surface can lead to the possibility of the formation of free radicals on the nylon chains and the subsequent formation of hydroxyl, carbonyl and carboxyl groups. It is also important to mention that the dyeing process mainly occurs through the amorphous regions. The etching away of the amorphous regions during the plasma treatment (particularly for longer treatment time) can lead to lowering of the dye uptake. Therefore the optimum treatment time needs to be found. Yoon et al. and Thomas et al., have found that longer plasma treatment decreases dye uptake (Thomas et al., 1998; Yoon et al., 1996) . It may be noted that the oxygen is more reactive than nitrogen and hence the dye uptake is slightly more for oxygen treated samples. The etching caused due to oxygen plasma is also more as shown in Fig. 2 (e and f) . Plasma polymerization of acrylic acid (PPAA) onto the nylon fabric incorporates good amount of hydroxyl, carbonyl and carboxylic acid groups onto the surface as evident from FTIR studies. These functional groups are responsible for wettability and hence dye uptake. The dyebath exhaustion is slightly more in case of PPAA deposited nylon fabric as compared to that of gaseous plasma treated samples, because of the functional groups which are incorporated during the deposition of PPAA. Deposition causes reduction in the capillary action therefore; we have observed slightly more wetting time for PPAA samples as shown in on the dyeing behavior rather than wetting time. The deposition is evident from SEM micrographs as shown in Fig. 2 (g and h) . The increase in the dye uptake due to plasma treatment is also evident from the measurement of K/S values shown in the Fig. 6 . The bar-graph shows K/S values for control and plasma treated samples for four minutes in different gases. The highest gain is seen to be for PPAA deposited nylon fabrics followed by oxygen treated sample. This trend is similar to that observed for the data of dye bath exhaustion.
4.5 Few results of case studies 4.5.1 Dyeing behavior of nylon fabric treated in APGD Similarly, nylon fabric was treated in atmospheric pressure glow discharge, for various durations of time, it was found that there is increase in the dye uptake with time as shown in Fig. 7 . The dye used in these studies was acid dye-red. It may be seen that when the dyeing time was 15 minutes, the differences in the K/S values of the control and the atmospheric pressure plasma (He +air) treated is quite noticeable. The increase in dye is significant. However, as the dyeing time is increased to 60 minutes the equilibrium dye uptake is reached for control as well as plasma treated samples and the difference reduces. This proves that the plasma pretreatment can reduce the time of dyeing and as a result power can be saved. Fig. 7 . K/S values of Nylon fabrics dyed with reactive dye after subjecting the fabrics to atmospheric pressure plasma for different duration of time.
Dyeing behavior of cotton fabric treated in air plasma
In another recent study (just results are summarized), cotton fabrics (desized, scoured and bleached) were treated with air plasma (RF), for 4 minutes. In order to understand the effect of such treatment on dyeing behavior, it was decided to use three different dyes namely, direct dye, reactive dye and natural dye. The direct dye used was Congo red, the reactive dye used was Red-M and natural dye was Thar. When dyeing was carried out and measurements were done for the dyed samples, it was noticed that, in the case of direct dye, the colour strength after plasma treatment were found to have decreased by 2.1 %. However, in the case of reactive dye, there was an increase in colour strength by 3.2%. The natural dye Thar showed a marginal decrease by 1%. It was surprising that, when the plasma treatment, enhances the wettability of cotton fabrics to a great extent, the increase in the dye uptake was not similar. This makes us believe that, the interaction of dye with the polymer (fibre) is important for improved dye uptake. The tremendous work carried out for wool fibres has revealed that while the plasma treatment, invariably leads to increase in the dye uptake, it is not so for other types of fibres (polyester, cotton, nylon etc.). There are several conflicting results of increase at times and decrease for other cases. Our analysis shows that, in addition to the type of gaseous plasma, the structure and morphology of the fibre is important. If a proper group of dye is used, the interaction of the dye with the fibre becomes compatible leading to increase in the dye uptake. Our conflicting results in case of cotton fabric just described above may be explained as follows:
In case of direct dye, the dyeing phenomena is supposed to be due to diffusion of the dye molecule into the fibre, whereas reactive dye reacts with the OH group of the cellulose chain. The natural dye Thar has a very long chain with many CH groups and possibly cannot diffuse into the fibre. The very short (few seconds) plasma treatment of cotton fabrics leads to removal of wax and other impurities from the surface of the fibre. Further treatment with plasma (up to 5 min) leads to removal of the amorphous portions of the material, thereby decreasing the possibility of interaction with the OH groups of the cellulose chain. There also occurs cross linking on the surface, which would hinder the diffusion of the dye molecules. The plasma interaction etches the surface and the effective area is enhanced and also oxygen moieties are incorporated and will contribute to synergistic effect leading to enhanced dye uptake. However, there is a competitive process of cross-linking and as a result the net dyeing may not always show increase.
DC plasma effect on polyester fabric
Similarly in another experiment, we thought interesting to see the effect of DC plasma on polyester fabric. Oxygen was used as precursor gas. Plasma treatment of polyester fabrics was carried for different durations of time. The morphological changes in the fiber structure were assessed by SEM which revealed the formation of rough surface together with voids and cracks. The loss of weight increased with the treatment time while the tenacity was affected to a small extent. Moisture regain and wettability was found to be improved with increasing treatment time. The fabrics developed yellowness after the plasma treatment that increased with time. Such plasma treated fabrics were dyed with disperse dye in HTHP machine. The dye uptake was found to have increased initially up to 10 minutes and slightly decreases at higher time of treatment. The increase in the dye uptake was due to combined effect of the production of polar group on the surface, etching of the surface creating higher effective area and the creation of voids and cracks, which can facilitate entry of dye molecules into the interior of the fibre. The maximum increase was found to be 2% . Such minor rise in the dye uptake is probably due to other competitive process of cross linking reaction on the surface which do not allow penetration of the dye into the interior. Therefore when the time of treatment was increased beyond 10 min there appears to be slight reduction in the dye uptake. This behavior is shown in Fig. 8 below. www.intechopen.com 
Conclusions
The present paper has described the results of dyeing behaviour for plasma treated nylon, polyester and cotton fabrics. Mainly air, nitrogen and oxygen gases were used together with vapours of acrylic acid in a low pressure atmosphere. There is substantial enhancement in the dye uptake of nylon fabrics. This result is similar to the observation when plasma processing is done in APGD. In case of polyester and cotton, however, the enhancement in the dye is not substantial. Rather the type of dye (acid, disperse or natural) played an important role. The survey of literature as well our own work regarding the effect of plasma on dyeing behaviour shows that whereas there is always enhancement in the dye uptake of wool fibers, it is not necessarily so for polyester, cotton and other fibers. Although etching of surface, creation of voids and formation of C=O, COOH, OH groups occurs to facilitate higher dye uptake, there exist competing processes of increased crystallinity and crosslinking on the surface which may not allow the diffusion of the dye molecules. Therefore the selection of the fibre, nature of gas, process time and the type of dye all play a major role. Thus clear understanding of plasma process is of utmost importance to utilize the technology on the industrial scale. Further the type of plasma i.e plasma produced by different power sources like A.C., D.C., low pressure, atmospheric pressure gives more or less similar results as far as dyeing property is concerned, although morphology and structural differences are observed.
Scope for future work
It is necessary to standardize experiments with reference to several process parameters such as pressure, flow rates, power etc for each type of fabrics. Further the type and structure of dye molecule should also be considered. Surface analysis in terms of morphology, radical formation, bond formation and its lifetime need to be understood. This understanding may help in deciding about the importance of plasma process if enhanced dye uptake is the aim.
Even if the increase is small, if the process can lead to sufficient dye uptake at a reduced temperature or time, it would serve a good purpose. Advantages of the process in terms of eco-friendliness, water saving and energy saving be explored and emphasized so that the technology is acceptable to all. Further work needs to be carried out by using pulsed plasma as it may avoid the degradation of fabrics when subjected to longer durations of treatments. In-situ cooling of the samples is also desirable to maintain the temperature of substrate constant. It is also necessary to find the electron and ion densities or rather the number of ions hitting the sample to calculate the energy deposited during processing.
